similarity with other members of the genus Flavobacterium. The results of physiological and biochemical tests allowed the discrimination of the isolate from its phylogenetic relatives. Strain T is a representative of a novel species of the genus Flavobacterium, for which the name Flavobacterium rakeshii sp. nov. is proposed. The type strain is FCS-5 T (5MTCC 10967 T 5JCM 17928 T ). An emended description of F. beibuense is also proposed.
The genus Flavobacterium, initially proposed by Bergey et al. (1923) and emended by Bernardet et al. (1996) , is the type genus of the family Flavobacteriaceae in the phylum Bacteroidetes Bernardet & Bowman, 2006 . The genus Flavobacterium constitutes a distinct evolutionary lineage within the family Flavobacteriaceae (Bernardet & Nakagawa, 2006) . At present, the genus comprises more than 69 species with validly published names, with Flavobacterium aquatile as the type species. Members of the genus have been isolated from various habitats, such as freshwater (Wang et al., 2006; Tamaki et al., 2003) , soil (Bernardet et al., 1996; Tamaki et al., 2003; McCammon & Bowman, 2000; Liu et al., 2008) , glacier (Zhu et al., 2003) , Antarctic lakes (Van Trappen et al., 2003 , 2004 McCammon et al., 1998; McCammon & Bowman, 2000; Humphry et al., 2001; Yi et al., 2005) and marine sediments (Fu et al., 2011) . In addition, three Flavobacterium species are pathogenic to fish (Bernardet & Bowman, 2006) . Members of the genus are Gram-negative, strictly aerobic, non-glucose-fermenting bacteria, are non-motile or motile by gliding, produce yellow carotenoid and/or flexirubin pigments and are usually oxidase-and catalase-positive.
During a study of bacterial diversity, a sample of marine sediment (10 m depth, 2 km distance from the coast) was collected from the Arabian Sea in the Fort Cochin area (9 u 589 00 N 76 u 149 00 E) of the state of Kerala, India. Strain FCS-5 T was isolated by the dilution-plate technique on tryptic soy agar (TSA; HiMedia) at 30 u C. The isolate was routinely cultivated on TSA at 30 uC and preserved as a glycerol stock at -70 u C.
Genomic DNA extraction, amplification and sequencing of the 16S rRNA gene were performed as described previously (Mayilraj et al., 2006) . The complete 16S rRNA gene sequence (1459 bases) of strain FCS-5 T was determined. The search for phylogenetic neighbours based on 16S rRNA gene sequence similarity was performed using the EzTaxon server (http://www.eztaxon.org/; Chun et al., 2007) . Multiple alignment was performed using CLUSTAL_X (Thompson et al., 1997) . A phylogenetic tree was constructed by the neighbour-joining method (Saitou & Nei, 1987 ) with Kimura's two-parameter model (Kimura, 1980) . Bootstrap analysis was performed to assess the confidence limits of the branching (Felsenstein, 1985 T was performed at 48 u C with freshly isolated genomic DNA by the membrane filter method in triplicate (Tourova & Antonov, 1988) . DNA-DNA relatedness between the two strains was 52.1±0.8 %, which is well below the recommended value for defining a novel species (Wayne et al., 1987) .
Colony and cell morphology were observed according to standard methods (Murray et al., 1994) . The Gramreaction and the decarboxylation of L-ornithine and L-lysine were tested using a Gram-staining kit and readymade media, respectively (HiMedia) according to the manufacturer's instructions. Growth at 15, 20, 25, 30, 37 and 42 u C and at pH 5-12 (in increments of one pH unit) was assessed in tryptic soy broth (TSB; HiMedia), with the pH adjusted with Na 2 HPO 4 /NaH 2 PO 4 (pH ,8) or Na 2 HPO 4 /NaOH (pH .8). Growth with 2, 3, 5, 7, 9, 11, 13 and 15 % (w/v) NaCl was assessed on TSA. Anaerobic growth was tested on TSA at 30 u C for 5 days in an anaerobic jar (Mart) filled with a gas mixture consisting of nitrogen/carbon dioxide/hydrogen (85 : 10 : 5, v/v) using an Anoxomat unit (Mart). Catalase, oxidase and urease activities were assessed as described by Cowan & Steel (1965) . The following tests were performed as described by Smibert & Krieg (1994) : hydrolysis of chitin, CM-cellulose, aesculin, DNA, casein, gelatin, starch and tyrosine; methyl red and Voges-Proskauer tests; flagellar motility; production of indole and hydrogen sulphide; and utilization of citrate. The presence of flexirubin-type pigments, gliding motility and hydrolysis of agar and pectin were assessed as described by . Nitrate reduction was assessed as described by Lányí (1987) . Acid production from various sugars was tested on minimal medium according to Smith et al. (1952) . Oxidation of various substrates was tested using GN2 MicroPlates (Biolog) as described by Mayilraj et al. (2006) . The API ZYM and API 20 NE systems (bioMérieux) were used according to the manufacturer's instructions except that the incubation temperature and time were 30 u C and 24-48 h respectively. Susceptibility to antibiotics was tested by the disc diffusion method using antibiotic discs (HiMedia) placed on Mueller-Hinton agar and incubation at 30 u C for 36 h. The phenotypic characteristics of strain T are given in Table 1, Table S1 (available in IJSEM Online) and the species description.
For cellular fatty acid analysis, strain FCS-5 T , F. beibuense MTCC 10968
T and F. aquatile MTCC 7307 T were grown on TSA at 30 uC and the biomasses from which fatty acids were extracted were standardized for their physiological age at the point of harvest, according to the protocol given by MIDI (http://www.microbialid.com/PDF/TechNote_101. pdf). Fatty acids were saponified, methylated and extracted using the standard protocol of MIDI (Sherlock Microbial Identification System version 4.0). The fatty acids were analysed by GC (6890; Agilent) and identified using the TSBA50 database (Sasser, 1990) . The major fatty acids of strain FCS-5 T were iso-C 15 : 0 (27.0 %), iso-C 17 : 0 3-OH (18.0 %), C 17 : 1 v9c (12.6 %) and summed feature 3 (comprising iso-C 15 : 0 2-OH and/or C 16 : 1 v7c; 10.1 %). The fatty acid compositions of the two reference strains were very similar to that of strain FCS-5 T , with only minor differences in the respective proportions of some components (Table 2) .
Cells for polyamine, polar lipid and respiratory quinone analyses were grown in TSB for 2 days at 30 u C and freeze dried until used. Polyamines of strain FCS-5 T were extracted according to Scherer & Kneifel (1983) and analysed by HPLC according to Busse & Auling (1988) . The only polyamine detected was homospermidine; this polyamine is the major or sole polyamine in members of the genus Flavobacterium that have been tested (Bernardet & Bowman, 2006) . Extraction of the polar lipids of strain FCS-5 T and F. beibuense MTCC 10968 T was carried out according to Bligh & Dyer (1959) and two-dimensional TLC was performed according to Komagata & Suzuki (1987) . Lipid spots were detected by spraying with the following reagents: molybdatophosphoric acid (5 %, w/v) in absolute ethanol for the total lipids; molybdenum blue (Sigma) for phospholipids; ninhydrin (0.2 %, w/v) in acetone for aminolipids; and anisaldehyde (Sigma) for glycolipids. The major polar lipid of strain FCS-5 T was phosphatidylethanolamine (PE): significant amounts of phosphatidylserine (PS) and five unidentified phospholipids (PL) were also present (Fig. S1 ). F. beibuense MTCC 10968
T displayed a very similar polar lipid pattern (data not shown), as also reported in other members of the genus Flavobacterium (Kämpfer et al., 2012; Sheu et al., 2011) . The isoprenoid quinones of strain FCS-5 T were extracted and analysed according to Minnikin et al. (1984) . The only isoprenoid quinone was menaquinone 6 (MK-6), which is in line with all other members of the family Flavobacteriaceae (Bernardet & Nakagawa, 2006) . The G+C content of the genomic DNA of strain FCS-5 T , determined as described by Saha et al. (2005) , was 32.4 mol%, a value within the range reported for the genus Flavobacterium (30-41 mol%; Bernardet & Bowman, 2011) .
On the basis of phenotypic data and phylogenetic inference, it is evident that FCS-5 T represents a novel species within the genus Flavobacterium, for which the name Flavobacterium . All data were taken from this study. All strains are positive for: oxidase and catalase*; starch hydrolysis*; alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, acid phosphatase, b-galactosidase and b-glucosidase, aesculin hydrolysis*; D-mannose assimilation*; b-galactosidase (API 20 NE); and sensitivity to oxacillin (5 mg)*, sulfasomidine (300 U), triple Sulphas (sulfadimidine sodium, sulfadiazine sodium and sulfamerazine sodium; 125 mg each), polymyxin B (300 U)*, ampicillin (10 mg), penicillin G (10 U), oxytetracycline (30 mg) and colistin (10 mg). All strains are negative for: growth at 42 u C; gliding motility; flexirubin pigment production; hydrolysis of DNA, casein, pectin, agar, urea, CM-cellulose, tyrosine and chitin; citrate utilization; hydrogen sulphide production; methyl red and VogesProskauer tests; acid production from adonitol, maltose, raffinose, melibiose and dulcitol; cystine arylamidase*, a-mannosidase, achymotrypsin*, a-galactosidase, b-glucuronidase and N-acetyl-bglucosaminidase; nitrate reduction (API 20 NE)*; indole production; arginine dihydrolase; assimilation of maltose*, L-arabinose*, Dmannitol*, N-acetyl-D-glucosamine, potassium gluconate*, capric acid*, adipic acid* and phenylacetic acid*; and sensitivity to bacitracin (10 mg) and nitrofurantoin (300 mg). R, Resistant; S, sensitive; +, positive; 2, negative. *Contradictory data were reported by Fu et al. (2011) .
Characteristic 1 2 3
Growth with/at: 5 % NaCl 2 + + pH 10 + 2 + Nitrate reduction (Lányí, 1987) + 2 + Acid production from: rakeshii sp. nov. is proposed. An emended description of F. beibuense is also proposed on the basis of new data obtained in this study.
Description of Flavobacterium rakeshii sp. nov.
Flavobacterium rakeshii (ra.kes9hi.i. N.L. gen. masc. n. rakeshii of Rakesh, in memory of Dr Rakesh Kumar Jain, an Indian microbiologist, for his valuable contributions to microbial taxonomy and environmental biotechnology).
Cells are Gram-negative, strictly aerobic rods, approximately 2.9-3.1 mm long and 1.3-1.5 mm wide and devoid of gliding motility. Colonies on TSA are straw yellow, about 1-3 mm in diameter, circular, smooth, dull, opaque and convex with entire margins. Growth occurs at 20-37 u C (optimum 30 u C), at pH 5.0-12.0 (optimum pH 8.0) and with 0-3.0 % NaCl (optimum 2 %). Starch and aesculin are hydrolysed, but casein, gelatin, pectin, chitin, agar, CM-cellulose, DNA and tyrosine are not.
Positive result in tests for oxidase, catalase and reduction of nitrate. Negative result for urease, methyl-red and VogesProskauer tests, citrate utilization and hydrogen sulphide production. Acid is produced from lactose, inulin, galactose, mannitol, salicin, sucrose, arabinose, myoinositol, trehalose, rhamnose, cellobiose, fructose and mannose, but not from adonitol, raffinose, xylose, dulcitol, glucose, melibiose or maltose. With GN2 MicroPlate, the following substrates are oxidized: dextrin, glycogen, The description is as given by Fu et al. (2011) Sensitive to (mg per disc unless otherwise stated) oxacillin (5) and polymyxin B (300 U) and resistant to ciprofloxacin (5) and rifampicin (2). The polar lipid profile consists of phosphatidylethanolamine, phosphatidylmethylethanolamine, phosphatidylserine, five unidentified phospholipids and three unidentified aminolipids.
